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lnwstigatorm
haw tin de

[n an atcerpt to r.eol.e tllim lsnue, W .rdgrcaka

● c~rat.1 ●amlnaclcn of tho ICE mgnetlc flold
data to decermlne if WIe-a ar@ any dlstirqulshlrq
WID -v. foac-Jroa ch.ac could lm of rotary origin.
Ill@ pup is to help rotolvo part of the qbtiClmI
of the mr= of tho ●nh.anmd R-ID tur~lonco,
●rurgotic prciclos, ●t-d Ef#/’JU plm waves.

2. ~EWATICNS

Flguro 1 1s taken frczn Wnzol ●t -1. (ref. 1)
ad 1- ro~mmd hors to illustracc ma rolatlmshlp
Imtxn ●norgotlc ic.m fltios, 8olar wird wlcxic
●rd tinslty ●ti tratuvomo qva ~ak -r at 10- 3

Hz. hhancd crmmwrm -w pr atmo “Ahcarme
diatom solar wld ~lticms (ref. 4) ard ●,Jmnmd
●orgttlc lcw, fluxes ●m dotactod cm days 82-8] and
86-87, L9E6. TI’IOSO● ra lllumcracti in tho bxcm
ad tq parmls, r98pc:i Joly# ~vcr, mom i-
camLls acur durirq hlg~spd solar witi strwms,

Sha in tha m.ccd PM 1. It 16 thbm unc9Raln
wFuLhar th9 ●*- WV. -r 1s alnply ● maulc
of Vu tcmm-mcmm incsracclm or of aimta~ ion
plcbupm
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Ftqure 5, * axarple of an ●leccrmqne Lic cJclo-
Crm ●avu in me solar tiInd.

V,e cyclorrm *wea ac 14C%-14G5 UT, Ilf 87 (r.zc
sr~, ha~e peri~s of - 15 S. T%e -a.~e arpllcties
are laqe. - 6.d .T peak-trrpea<. The msgr.eclc
field mqnictie variackm is - 3.2 nT peai-?mps=d’.
The -atiea ara ell’pclcallj pla:-lzed A1A2 ‘ 2.7)
ati ara propg.sting ac relatlwelf la-]= aqles to
cne ~Lenc ~gnetlc field - 40”, i- e wa..e3 are
left-hand plarlzed in cha apacecratt Cram.

Lrlq Mth of W,e amve cyclocrm m-e ●.ents. Cr,e
dlrectlw of we Lmcerplanecary mqneclc field 1s

qre

4

r less aioq the spamcrafc%.n llne. ~a-l

(B . ~1 ■ 2!3” for che avant on by S4 ax! ox-l
(6 . !15:) - 27” for tno Gay 87 ●v9M.

Tna decectlon of tm M. tiaa Gf wewea in ~
mlar wind, pxsslbly ae~latSd wLth me DICh.p of
cmta~ protma. 1s qblce ●xcltlq. Bacaue4 of
the blah M.tral n@~Ori V910Cl Cie8 Of 8 kR% am

20 W/a ralatl.e to tlm n.cle.s (f CL- u,e dlssa!+

clcm of OH ad ti20, raepcti%elyl, and 1+lc~lzacl Gfi
CUM Umlea of - 106 n, ionization scale ~eqtm of
8- zo x 106 m are oocaifietj. In aareamfit -Itn ~,e
valuon nqquated as Lalq numanarj ~ Szarf et PI.
[ref. 31 and Menzel et al. [rcf, 1)



3.1 Drift Hirror Waves

Hirromnde instability requires an anisotrcpic
premsure distritwtiti with 01/t31 > 1 + l/S1 *ere
SL ad 8, are the prpendimlar and ~rallel plasma
beta (8mNkT/T22) values (refs. 13, 14) . The plasma
wili tm unstable to the drift mirror tie if the
pressure anisocropy, S1/Bl > 1.6 for B= O(1) or Eor
snaller anisotrqies if O >> 1. * will calculate
the effect of the addition of cunatary pirkup

-30 “x lo~r;tone cm the total RL at a distanm of
to determirm if the pickup ions can h responsible

for imitability.

:: ~::~ ,y;tra! :Qw;c;:.; y,ta::r:;r~
athe mlecular pr uction rate, Vg &e hydrcqen aton

velccity relative to the nucleus, and T the ioniza-

tim time. A reascmble value of Q for Halley is 4
x 1029 S-l (ref. 15, and refere”cf3s therein), Fu5-
swn{ng 80S of all canatary rrolf.ml s are H#, and
USIW the higher valu~ V ■ 20kms -7 , - get an up
per ~imit of J x 1w4 I? aI-3 at r ■ 30 x 106 km.
By assuniq all of the i- gain the msx irmq pmsl-

ble kiMtic eneryy durirq pickup, 1/2 miV~w (whre
V8W = 425 bn/s at the time of drift mirror male d-
tecticm) ard the icm rirq fornwtlm the is lorq,
say 104 s, then Lhe Fmta a~mciated with th:4pickup

;m;a~~~ ~ n!ln~~t;;(!i$;; . Or;&,- F i9Z;%
that arratary ims make a negligible omtribution
to W total plasma pressure anisotropy in a the so-

lar wird plasm Ware 0 is typically of order - 1.

3.2 ClectraragmsLic Ia) Cycl,)LrO} Wolves

The ●lectrmsgnetlc cyclokron waves were detectnd
when the IMP WS nearly ~rallel to the solar witi
velocity direction, Thus, an ion bsmn (ref. 16) or
rirq dlstrltutlon (rdfs. 17, 18) is the nmst likely
scurce of imtablllty. By us~ng the previously
derived ntrnhr for the hyd cqen atan density of 1 x

z10-4 ~-3 at r = 30 x 10 )un, an icmizatkn )Irne
scale of 106 s, and a bean fo-tlon tlmm of lG s,
the lal beam denslt’! can tm calculated fqm N~3=
Nn t/T1. Suhtitutiq, w get Nj ■ 10 un .
For ● solar wirxl density of - 5 cm 3, the rslat$e
id) b:n demity -ld b Ni/N8w = 2 X 10 .

Aamnlng ww* ga~ratlon by streaming Ccmwtaq pro-
tm, bma, th msxinun llnear growth rate determined
Cran ~ kinetic disprsion relation is ymx ■ 7,2
x 10- !-1This 1- value exclties tha pmsibility
that thepcyclotron waves are geMratti by team of
mmsttry protons.

.

3,3 .Pravious Passage of the Corotat ing Event

A careful scan of daym 56 - 64, 1986 was nmd. for
tho prev ims a~arance of !.110 mrotat irq strean.
SLmllar d:ift mirror *VOS are deiacted. h Qx-

anplo in ahoun in Fiwre 6. The t=moral scab of
tho structures is - 60 S. This valuo is acma*at
larqor than in the proviws extmplo, mt ie still
~rablo. t%xirmm Snplitlxles of 09 Cie M d9cr9a-
SM am - 1 nT, mcparab~a in scal~ to thu Conmr

evonti I?)e armlent m.3gnet1c Ciuld lies at an arqla
of - 40* relativ~~ to tho @lar wind velocity.

As statd pmvicmsly, thd dlntance of [CC frcan
tbllay ●t this tl.rm -s - 0.75 Alj, 3,71 tllrms
f~rthar ●way. Halley ptntcms will thum km - 6 n

.,,;...

MARCHZ IW

o

Figure 6. t&ooscillato~ drift mirror male waves
on my 61, at a distance of 110 x 106 km
from tb)ley.

103” less dense. XC is even nore unlikely that
these waves hwe any ass-iation witi Mlley pick-
up ions.

4. DISCUSSIW

A eearch for waves near the cyciotron t~encles
of hea~ ccrmtary ions was cmnducted durlrq the
tntema] of closest approach to cul~t Mlley by
both pmmr s~ctral analyses and visual lnepactim.
w obviais eignatl’res wre frond.

W types of @lectr-gnetic waves have been dotee
t~ :or tha first t~ in ~lar Wid streamrstmam

interaction regions: drift mirror de ~sci~-

latory, “waves” ard elllptlally lmlariz~ electr~
~qnetic qcl,jt rotl waves with periods Of - IO -

60 s it, the spacecraft frma. bth waves hdvc

scales near the protcm gyroradius. The detection
of drift mirror tie waves in u mom distant Mlar
Wird stream indicates a lack of uniqumsss of the
Halley ●ncmuntar bItfJ~al* ~~reti~al a-nts

mle cut the pmsibility of generation of either
wave ndn q mnetary prrtcm.

The anplltMe of the wvoe Ire gensrally -11
(althqh scrrc large awplitude cases were s~)

ad their oc~rren- infrequent. rneiu mntrlbu-

tion to the -r in solar Witd fluctuatlm 1s
neqliqinle, am WS Indicated by the lack d any
nlgnlf iant peaks app!arifq In pwsr spectral amal-
ysos of an entir~ days’ wrti of data.

I%e Comuticm OC mirror tie waves at ICE must
therefore b due to ●n anlsotr~ic plasina preseure
proaent in the kulk of the solar wind proton distri-
tut lonm It wme s~culatod by Tr!uwtani et al.
(ref. 5) that such mmllticms for instability rmld
tm crqatml by thu hoatlr~ of molar wind plamm as
it pasoes thrmqh an interplawtn~ quasipnrpmdl -
cular slmck. lon arid elactr{mheatlq (ro Cn. 19-20)
can Iqad to a tbwmntroo,m O uf > 3. Thin plun the
prttturent ial lon heatirq in the p~rdlcular dl-
mction (ret~. 19, 21) preeumbly leadn to tho

4
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grti of drift mirror waves in the planetary
nwanetosheaths of brth, Jupiter and Saturn (ref.
5).

The VLF electric noise at Frequencies well atmve
M eluctron cyclotron (170 Hz) twt blw the
electron plasna (27 kHz) frequencies and the lack
of any @netic slgnature9, indicate that these
emissions are probably electr~tatic waves. lhe
occurren~ of the emissions on the gradients of
tb ~netic field also gives an bi’portant clue
to pssible germratim rrechanim. khcur-A&lallah
ard Okuda (ref. 22) have slqgested Lhat cold mrr
tar-treamiq ion beams, where Tp << Ti - Te and
VTe > Vib > Cs, could le.j LO CJP3id’I Of ekCtr&

static waves, ~ether such beams exist in ec?lar
wit-d Strean-stm,m interaction reqions 1s p.?sently
unhwn. tiver, ?diabatic de~ression of solar
wird protons in the mirror waves w-ill b expected
to lead to the formation of anisotrqic field-
aligmed streaniq ad mlrf ~sibly su~rt such a
mmchanism.

l%e possibility that the emissicm are Eoppler
shifted l-r hybrid drift waves associated with
the density gradients in the drift mirror waves (m

assura mqnetic plus pla9nd pressure ja 03nstant,

or pressure Isotw) is armther ~slble genera-
tion fianism. l&irq the fornulaticm of H&M et
al. (ref. 23)
L#oi < (mi~)

@ :h~~~~s~ld of inetabili~y
te \ by !/2(se + Bi)

%3 - % ~e~ ~ ■ (1/’0 ~B/4s)- . \ has , ~~n.
lm.m value of 2 x 103 km at a sharp flelrl qradient
at 1658 W My 86. W find that the threshuld for
lnsthility is not rret, unless hiqher nwgnetic
f itild ard plasna variatiws are present but estip
rrmeurumnt hcause of the te~ral re~lutlm of
the instrtanentaticm.

[t is also ~aible to vrderstancl hy lioIT rmrs

are rmt generated in the high o r~ions, in contrast
to the case of earth’e rnaqnetaheath. Fron refs.
S, 7. It is show that

:: h’%::~ %-r’!?:i%f!i!i!j)%
B.7fl, n-] ~,- ard thue, ~ - 6,5 x 10- erg.
For the elect rmgnetic cyclotron instability, thie
r~ires an ●lectron te~rature of at least 4.7 x
10J K. The actual measured electron t~era:ure is
only 1.5 x 105 K. Thus, irde~rdent of the M-pep
● ture aninotqy neceesa~ for instabil lty, the se
lar wind electron te~rature Is trn lIY to lead to
the generaticm of llm roars.

Fr~ the alxxe, It can be cmc!uded that licm rcare
shculd ke only rarely detected in conjunction with
drift mirror WV-C in the lnterplanet w nmdium.

!Electrom have terperaturee > 3.2 x 10 only 1-28
@f the tbrm (ref. 24!, thus ~ is typimlly ~ ~h,
leavi~ the solar wind electrons stable to tho
grath of lion rmrs.

5. mculs IcN

* have not fa.mr! any ●v ldence of ~awy, 10. cyclc-
trm MVCU at dietanmn ~ 28 x 10 hr., k4s havw,
h~ver, detected twn mu solar wind ●lectraam
netlc uave rrrnieo due to this eearchl drift mirror
mcds wavee ard alectronagnetlc cyclotrmI waves with
pericds 10 - 60 e it} tho Lpcecraft f:’ame. Wum
theoretical ccsulder~t; ;na, lt is mo~, p-blu
that Lheee wmves trc ,,,!,N I“ated Ly prweeues aemc 1-
ated with solar WilI f ,~ re-ncr-mn lnt~tdctitis

6. A~

We wuld 1 ike to ackncwkdge scientific discussime
with, I.G. Richardson and S.P. Qry. Prcqramning
assistan~ was prowidd by J. Wlf, L. idigglesmr~
and H. Burton. ~is -rk descrited in this ~r..–
was carria out by the Jet Pr@ulsion Latmratory,
California Institute of Technolqy, umjer contract
with NASA.

—
7. REFER&NCLS

1.

2.

3.

4.

5.

6.

7,

8.

9.

10.

11.

12.

13.

Wnzel, X.P. , T.R. .%nderson, I.G. Richardson,
S.w. H. bwley, R.J. Hynds, S.J. Same, R.D.
Zwickl, E.J. %ith, and B.T. Tsumtani, Irr
Situ Oxervaticma of Gmecary Pickup Ions ~
0.2 Ml I.@tream of @net Iislley: ICE Cbsema=
ticm, &O@lY~. ~. ~. , ~, 861, 1986.

Scarf, F. L., F.V. Corcmiti, C.F. lbmrtel, D.A.
Gumett, W.-H. Ip, ard E.J. %lith, Platna
Wave @enations at Curt?t Giacc.bini-Zinner,
Science, 232, 377, 1986.—.

&arf, F. L., F.V. tircmiti, C.F. Iknmel, T.R.
Sarderson, K.P. Wc,,zel, R.J. Hyrds, E.J. gnlth,
S.J. Bsme, and R.D. 2wickl, ICE PUI~ Wave
Fleasurenents ~n tne Ion Pickup %gion of (lmet
Halley, Geophys. RES. ~., Q, 857, 1986.—

Sisme, G. L., L. Mvis Jr. , P.J. Colman, Jr. ,
E.J, %Ith, and D.E. -s, -r Spectra and
Dismntlnuities of the Interplaceta~ &gnetic
Finld: t!ariner 4, ~. G.mphys. ~, , ~, 61,
1968.

Tsur~tani, B.T. , E.J. Snlth, R.R. Mdersrm,
K.W. 02ilv!e, J.O. Sadder, D.N. Baker, and
S.J. Mm, Lion F@ars ard Notiscillatoty Ckitt
PIILror Waven in the 14aqnetoaheath, ~. Cmphys.
F@s. , ~, 6060, 1982.—

Twurutani, B,T. , I,G. Richardson, R.P. Laming,
R.D. Zwickl, D.E. Jones, E.J. Snith, at-d
s.!]. Bsme, LYi C: Mirror htie Wavee in the
Distant (X ~ 200 ~) Haqnetoeheath, _=s-.
RIM. Mtt. , l_l, 1102, 1984.——

morne, R. H., am! B.T. Tsumtani, Gsneraticfl
of Mgnetos, ]oath Lion ~rs, Nature, 293, IB4,
1901.

——

breira, A. , St! bllity Analynls of ltagnet~
ehcath Lion Mre, P1.snet. ~. *I. , 3_l,
1165, 19E3.

—

Price, C. P., D.W. Swift, am! L.C. Cae, Wu-

m~ical S1.nulation of tin-oscillatory Mirror
Waves in ~he Earth’ ● Hagnotoaheath, ~. .~vs.
Reu. , 91, 101, 19H6.——

bo, L. C., C.S. W ●d C.P. PriIx, ~ the
G>noration of Mgnat.ceheath Lion Marn, to
appear in ~. Gec@ys. &, , 1987.

—. -.. .
Anderscm, R. R., C.C. Harvey, !t. H. MPW, B.T~
Tsurutanl, T,E. ~atmn, and J. Fchoto, “Plasm
Wavetl Nuac the Mgnetqwee, ” ~. ~kl~hyn.
b., 07, 2082, 1982.—. —

smith, E.J ., and lt. T. Twurutarli, Mgnutoshmlth
w., 81, 2261, 1976.Lion Rxre , ~. ~’tl~~. _

Ilasqawa, A,, Bitt Mirror Inntabil. ty in the
k.ymtoaphere, ~. ~iUid~, ~, 2642, 1969.



14.

15.

16.

17.

18.

19.

20.

2,1.

22.

23.

24.

Crcdmr, N. U., ar’d C.L. Siscoet A ~chani=
for Pressure ~i&trc# and Mirror Instsbllity
in the lhyshja Uagne&heaLh, ~. &ophys.
*. , ~, 185, 1977.

~inhard, R., I?Ie Ciotto Encounter with &t

thlley, Nature, ~, 313, 1986.

bry, S.P. , J.T. bsllrq, ard D.W. Forslund,
The 13ectrcznqnetic Ion Beam Instability Up
stream of the Earth’s Ebw Shmk, J. C&mhYs.
_., 86, 6691, 19S1.k

Wu, C.S. ard R.C. bvidaofI, Elact~netic
Instabilities RzdJced by t~utral particle Ion-
ization in Interplanetary %a~, ~. Q@ys.
k. , ~, 5399, 1972.—

M.J, C.S. ad R-E. Hartle, Further Remarks on
Plasma I.nstahil i ties Prcduazd by Ions brn Ln
theSolar Wind, <. G30phYs. ~. , ~, 283,
1974.

Gsllng, J. T., ard A.IC. bbson, Ion ~Ele~
tion, Gyration, and Dissipatlm at Supercrlti-

‘– —-–--+%
ml Sh@ks, In CO1l. %xks iri the llelbs
RAW. of Current F&. , ●d. B.T. l!sumtan

— — =*ys .“R= Stem, An. tiia, Washirqton,
lx, ~, 141, 1985.

Fel&wn, W.C. , Electrcm VelWity ~strib
tlons Mar ~lllsimless Shocks, in CO1l.
Shaks in the Haliosphere! l@vs. ~—~rrent
Sd%.=T. TSurutanl and~G.%~Mz
=@ys. LkIion, Washirqtcm, K, 35, 195, 1985.

htil, C. F., and R.Z. Sqdeev, Collisicm)ess
Shock Waves in High B Plamas, L~
Fkw., 72, 3303, 1967.——

AsWr+Ma\lah, H., and H. CXuda, ‘Ilmry and
Sinulatims of Broedbaml Electrostatic’ Noise
in the @mqnetic Tail, ~. -w. ~. , ~,
6833, 1986.

Hubs, J.D. , li. T. Glad, arwf K. Ps@qmuloe,
L0h9r+ybrid-(kift Meve TUrb.llenN in the Dis-
tant P&rntotell, ~. bophys. F&s. , Q 5217,
1978.

—

tisllq, J, T., D.N. 8eker, S.J. 13amm, W.C.
PW1-n, R.D. Zwlckl, and E.J. 9nith, Bi+i-
rectimsl Solar Witi Electrcm Heat Flux Events,
●brllttd to g,. Gmc41&o We. , 1987,—


